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Identification of Estrogenic Tamoxifen Metabolite(s) in 
Tamoxifen-Resistant Human Breast Tumors 
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Purpose: We hove shown previously that acquired 
tamoxifen resistance in an in vivo experimental model is 
assorted with reduced tamoxifen accumulation, isomer- 
ization of trans-4-hydroxytamoxifen, and tamoxifen- 
stimulcted tumor growth. The purpose of this study is to 
isolate and verify the presence of estrogenic tamoxifen 
metaooUes in human breast tumors using high-perfor- 
mance l.quid chromatography (HPLC) and mass-spec- 
tromefry (MS) techniques. 

Patients ond Methods : In the present study, we used 
HPLC and MS to identify the presence of estrogenic 
metabolites in tumor samples excised from athymic nude 
mice and in human breast tumors isolated from patients 
receiving odjuvant tamoxifen therapy., 

Results We identified the presence of metabolite E, a 

TP AM OX; FEN i: A nonsteroidal rriphenvierhviene 
X antiesircsen mat i : ; commonly used in -he treat- 
ment cf patient:; witn breast cancer. Tamoxifen cornoei- 
Umely antagonizes tne binding of estradiol to er,tro°en 
receptor;, which i; thought be tne mechanism "for 
inhibiting tumor growth. However, tamoxifen a] ,o ros- 
sefse5 ooti ' ^trogemc as well as antiestrogenic effects 
deoendirgontretis ue mc ?r species beinc stucied. In 
f me ; :s:;ijes - i-clucng estrogen receptcr-positive bu- 
" lLn creiiSI tumor: • tarnoifen biocks the crcnvth- 
.-mu;a'mg ettec:, :f estrogens. However, ir! other 
:is>ue - — - n'^'-.n endometrial :usi.e. and in some 
:.ptcies. sues a;; co..:h. tamoxifen act 5 a;, an estroeen 
agtmstd- The mechani ,m< underlying tne -Intrinsic" 
estrogen. c edccu; ot tamoxifen remain poorly .;nae:- ■ 
iIOOC - Beca -- e r -"c e iroeen agonist - antagonist proper- 
ty of tamo>i:,:i are ughiy specses-" and "rissue- 
dcpencen-. 1: has ben sjgeested, alrhoueh it is not yet 
supported by experiment data, that altered metabolic 
painways leading to tne production of estrogenic metab- 
olites may be one possible mechanism for "the intrinsic 
estrogenic effects noted ^ mh tamoxifen. 5 

J ne synsmic me'a-.oii-n of tamoxifen is we!: charac- 
terized :r hum.ir.s. Tie pharmaceutical]}- administered 
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known estrogenic metabolite of tamoxifen, in tamoxifen 
res.stant MCF-7 human breast tumors implanted i n othy 
mic nude mice, as well as in tumors from patients with 
cl.mcal resistance. Additionally, we separated another 
estrogen.c metabolite, bisphenol, by HPLC, and this w as 
also tentatively confirmed by MS analysis. 

Conclusion; These data suggest that cellular tamox 
iien metabolism to estrogenic metabolites may in part 
contribute to stimulating the growth of hormone-respon 
s.ve breast tumors following prolonged exposure to t a . 
moxifen. Further evaluation of the relationship between 
cellular metabolism and acquired tamoxifen resista nee is 
warranted. 

J Clin Oncol J 0:990-994. t 7992 by Amencon Society of 
Clinical Oncology. 



/ra/z.Mamoxifcn is metabolized m tne live: to N-desme- 
tny] and 4-hydroxytamoxifen. 1 Both metabolites are 
active antiestrogenic agent;. N-desmethvuamoxifen is 
the major metaoolite found in n aman serum. U is further 
metabolized to meta^cnts Z (didesmethyltamoxifen; 
ano to metaoolite Y, the side chain alcohx. 5 - 9 A: least 
r-o estrogenic metabolite:? o* tamcxifer have been 
:oen-iried: tnese include msiabokte E and bisphenol." 
Neitner metaoolite ha ; been identic in any sigmh : mt 
quant;t> m human serum or tissues. However, metabo- 
lite E. has been isolatec from the bile of dog: . a species m 
wrncVi tamoxifen is predominant estroeemc' Metabo- 
" :c E * :arncxir ' er ^ ^ydroxyi group in place ot the 
cun^nviammoetnane ;ide cham. wnereas bisonenoi is 
yn)cn:xytamox;fen wrh a nydrc.vyi group m place of me 
dime .hyiaminoethane jide chain. 

Two groups nave row show- :;-.at tamoxifen can 
actually nimubie tamers to grow following crm ..:c 
crsm: m normone-responsive numar tumors srow;:^ m 
tne mou^e model.-^ W e ^e snown that reduced 
ac emulation and a!;e-ed metabolism ct tamoxifen m 
tne 1. mo: is associatec w ;t r tamoxifen resistance and " 
tamoMfen-stimjiated growt.m- A : ;m;iar metabolite 
? ronir " n:i= oeen ^--^-^c ;r. e>tract< trom a pane; of 
numa- breast canc;r specimen- from m. t;en;s . w::h 
acquired tamoxifen re ;;s:ance. : ' Tne 00s .ibii-'ry that 

.i^-i. .s. a. L ^go'iist c: n : ry ,:■ mtracadmar l:t:and? tor .. 
'"- i "- , 5 ;n tecepto-. mc:ucmg tamoxifen metabolites. - 
a- e.oio r e turner w ne'ner estr.-.genic ~etaboiites 
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' TAMOXIFEN METaSOliTE E IN RESISTANT TUmOR 

^ performance liquid : hrornatograprn (HPLC) and ma- S - 
% spectr :>metr\ (MS) i^chmquer,. 

PATIENTS AND METHODS 

,„ The :neni.:a struc:iw of ir C ^. and tamoxifci an: ,t< 
: metabc :e: = "'W" in .-ig i. Tamoxifen ei.rau- - Id Pna-rra 
• V,'i;-:r:-.or. DE. and it msiabuLies (or- .mc ^-.i-h, crco. a- 
mo>.a:r crpieno:. and rr.e'aboht: E; *er- C en«r.>usiv orcvi i-c 
b v Dr J^nr. NLt2?r.iilenhog-.. A!! -.agents --vers of a H?l C-u- 
i" ciudl ^ neti^-io;. r.evan-. i.bL'aro. (Frr.her :.cit nt.tc. ";- :; ,r 
Lawn.r-:.i..in.: tnetbyiamin. ( S grr. a Clnemi :ai Co -a Lot.:-, MC ; . 

Human S.vjr; Tumor Sp->cime-\s 

_ F:ve hum,n ^-easi n.nr.or< from ;ne San Antonio Breav Tjh..- 
: Bankth...:c-nt.MnedsLrfi:ie-.i::ssuc for assa- wsre r rovic-j Ir r- 
; - Willum M:Gu:-e. i-our o" toe patients cerrorrtrared di-.-ji-e 
" P«>c?ess-on or ^™>.vi:sr me tw:ce per davj ,:0e- trvuti'e--' 
per: .i^nL'-.if-)rr.:nrnt-i:c5> C ars.T;s<o tf ^ a - .;b'air -d v- 
: on, ra en: at, n ^ b^i. :: r tamox:;cn fo- 0 n!v • mo:-::,. T n , 
. patient aevr.oncc dissa- prog-ts/.ior. i monah :,:e:. 7- ret: <.f 
; these pa-ier. :. rue ce rove: ramoxae.n res. stance and " 

acqu.rec re s; .r;e after ar initial re.ponse A p. r: 10 r, : >acn 
tumor wa; e--c-d. irraoia ed. anc araiyzed b- H= LC. rrv* 
remaimr.p, ~ - *ai exacted, fra :: iC r.atec. and ar.a'v?- — M 
(see HP!..: a id M S A.r.aiv . ' ~ 

MCf--- Hrt\:s' Vurnor .-oc:ime?:\ 

T -"''°; Jt Wi - '' ii5:i ^^nec tron: ar. n *iv : nv.de -no.,.- 
rr.j.._- o: ac: tarnoM'en r^-isurce - MCF7 - una- v^s' 
to ^ :;t ' — :;ned ^: rr; nude nuce after t; e d-, -ebp- -oa v 
tamox.ten re-,r..n;e ,4 a- ~ months of intrat^r to; vai ta;-ni:-n 
■njectnn:, 57) j;. Tn,",e tiss.es u, rc fr:.:en -20= " 
analyse. 

HPLC ad V/. ^...V:,-... 

Froren ii: . ue .am:!^ , w^-.ed. ho'-.c.;t i n..:ec. 
:racte: - a - ::c " }l - '0 pre .ou;: metr 3d; JC - :; 3:. e ^ a : < .. ni ... 
^ r "- " IA " "I- of :^ nuti.noi ,n • 

™-r:'.i ,irc - c - ;e:1! - ; f.. , cc fo , ; ^ ninL , ; ,. ^ . , „. 

or:..:., p ;.is«. -a ; : ;ried ar-is- mtio-en itas a: ,..ic - t . , rJ i - 



FjS ;■ Itroilu-e. irons- ond CM-tamox.fe- isomers. 7ra.,5 
is .or l r ' . -7, : ■-' R !S -^-'^^ mo «,ien, R 

-OCH ^ ' J iS OH ' N- = «me,b y |.amoxi(en; R 

^onopnenoi. R'is OH.R -H. melcooiiie Y; R -ilh-CH-o'^- R ' i- 
- ^'«o'.t. Z, * is -OCH : ;H : Nh ; , ^ ■ : s .H, metaooiile R t ' s 

" «'en:3nc R is -DCH : CH,N; R 
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• dlSd ir 200 ^ r ^- ; -^ ^'-^ ^;ect;on. The r^nri ^ed 
.arrtpies *e:e :rans!e rr.c to an in::a Si ; uuanz cuv— 
^■entmc. Fair Lj-.r., NJ . :r rac : a:ed tor ! minute , i^w 
:n; jcur) vapor lam.n. and ;n;e-t- ontc tnc cr^mn. 
, ' nc HPLC r y^ T - -^^z of a Seckman moaei f7 ,- ;J o 
i;a.;c c.nrorr.aiocrt.pn iFuFerton. Cm. r*c moo^ r^^LT-^ 
an - , mode! ^: cottr.iier. Tne HPLC ,as sau i C3 ,-j ".r^'a 
r-er^-pnase Alt? 7 -j.-aspnere .ol-:r.r. A ameca " A • d 
! ' , t" inj ' ,::;iCr ^b:. P r 3 ,e c:,n:,ste; of -r . ai?r ,', d 

^...-7 tne.nylarnn;. ,r methano, 7 ^ f, 0 w : 2!e ,f rner> r - _, :c 

Wa S ' M . a °- Hi'- ^e ^cr:r.cenc:e o" ,not .-e^i^K 

act -a ea C3 mp:)ui-..- ^tected w tr a Ar^iied 3 !0 v 

,iLI '" Tertr "--^ <^ ^ — :vr ,t :,6 nrn '= et.n; - in 
Jnd ?C *' K n£l - r^nrc-: w: n Spectraar- ;c :^.i0 
:niv >r:itor • Pi.scata* av n; K ' ' 

N-r.nirracnate: ^'^F-ir::: uere abc .ni;c:ed onto -r. - 

cor-e:ponc n ? :o tne re'enior. t;n.^ rott: ;,. r bi.-.c.^.xl ' r J 
:ne'..-,,i,te^w,-c;-.:: ;i ^^,:, alsc _ M . - , M;; 
.ae:e .T.stanofars .i-.er e;e;tror ;rr.:a,:: icr.za.ion M.5 E'-V ■ 
U ' a ' - : ;c - -"-^.'.^iru-ra^d sampi-v. n c , ia s . vcr< .. . 

:,; ?ias; ^ril.arie.. ar : on;;. Pa-;: 
^i:: .nirocuce.; v t , , o;;,,- i n;ertit . r )pec[r , f . 

c:.rce:a; eV 3 ve- "he r».;,s. rang; y "0 ic 7)C .Osvcn,::, -,r 
cec...:, w; tr a -,c.,: on of POOG. Tre nmne «mi< healed n-ta-c 



A.- n/s :?e>:im :;on pane:-; wi;h tara)x:f :. 
lanL - " 3d ^' HPLC ir.a: cDmi-aiic with * ^ 

:;o!l '' ; r ^' f m-^Soiiit: £ HPL<: hnas-is of ^ r , r re ,cr- 
:a:iV - niJrT: — — 5- :.;ncer :i;;.nue sDecinen and i -p.Jrr j 
; an; P'- ^ ' rxyx: r FL : Ir. :fc; runi^ -r;^' ..a-.c^r 
b!c:s. 5p^-m:r. ::c:ir;s cDrrespc-ndinc to :ht r;lm:icn 
,:m ;- : -t bi iphrno.. rn^ai-oiite E ( x--4-hycrex-. - ^-4- 
; ; >' d ;"'' v ^ e:aboi t ; b x . -amcxifjn. mvta:)o.its ;:. ard 
r-d:s::ie:ryi:t i: ~o::^n wore on^rxec. Tamax;: £ ^ ire 
::? : --- c ^ £ ^y; -c:,bn ; ie v/ere ihc m xs: .rucar 
com... ;nd prcs:-: Cf. 0 ; l e; Peak: w Jr - 
nc:e.: -or rr.ett.boLi-; 3x and 2: .v>wever. -e,,-, n;K 
q^artccd. Trr- cf :hc iiv; ipeciir.er., nac rjearj 
:orn ^ : i:!r -.- u ' !rn 2 bispheno! s:;inaarc Peaks !otv 
.spon .iwii; ic bi.sprvr metan^iite E. c;:---hydr; v ■, nc . 
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-^^--hw'.roxy ^moxtf:- were ores-rt 



!r ' lOU ' -cnc^::a:i, r.s :-; S than 5i ng gF bat oecajsc 
:ne . esc proxirrs :v tv :no;r retention time:. a.-;on: = 
icenf fca '- i0 - pearsrcai-rec MS ar.a.v^. 

^ F,7'.^r :ornrrr..;t:i.p. ;:: ::;e :::spreno; arta "cta ;o ? 

^ao.:;;: .^"firmect tde presence a: metarule E iTt-xc 
; oed;rr,eri. ,»nc rY --.pacr :> wwr. :r. Fig 7A. Che IdrdC 
"- :,kriT :c - :: c-:T-^po:u:tc"t, a o o a k ;t rd( 
J- :^ r;a::oo;... L; r -; :r^::r^ rU 

~ - :i A C a: z pit;;an«Mi:e E . a 
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Fig 2. Separation of tamoxifen and metabolites in q spiked plcsmc 
somp.e (top! and ,n 0 tamoxifen-resistont humcn breast tumor 
(bottom). Peaks are b.spnenol (A), metabolite E (B), cis -4 -hy droxyta- 
mox.fen (CI, frans-4.hyd-cKy1omoxif*n (D), metabol-e 3x [E], tomox- 
if en (Fj, metabolrte Z (G), and N-desmethyltamoxifen [Hj. 



W'iESE, OSBORNE, AND DeGREGO.q 

trat:ons 01 tamoxifen and its metabolite: were as follows- 
tamoxifen 3.2:5. y ng. gm; N-desmethy. tamoxifen -55.4 
nggm; cos — bycroxytamoxifen i2 ng :m: and ^^4. 
hydroxytamoxiicri 36 ng/ gm. Similar to 'he results noted 
m the human tumor specimen, the MCF-" tumor also 
nad peaks corresponding to that of metabolite E (22 
ng/gj. A small peak was evident a: a retention time 
similar to that of bisphenol. In several .specimens th:-,; e 
peaks were confirmed as metabolite E bv MS (Fig 30 

DISCUSSION 
in patient* receivmg tamoxifen therapy, ce novo 
resistance is common, and acquired resi.'tance :o tamox- 
ilen inv^riarjiy occur:; in aN patients. Several mecha- 
nisms of resistance have been suggested including the 
selection of a hormone-independent clone and altered 
metacoiic pathways.- In the present Ltudv. we he e 
documented, -y both HPLC and MS, that an estrogenic 



strong peak at 149 rr./r. was observed. This war probablv 
derived trom phrhlat: ester impurities in the sample. 
Although a small out clear peak comigratcs wob bisphe- 
noi on HPLL. the relative abundances of smaller weight 
compounds ( < 150) obscured the MS ana.ysis of these 
peak . i he-fore, tne presence of oispbenoi eou;d not 
be confirmed in 011s specimen. One specimen cod have a 
cieanv idenoried bispner.ol peak ar 316 m z .'Fie 5B). 
However, this result mun oe considered preliminary 
became mere w-,< ; ; m jrScent materia! to confirm the 
resuli. Neither metatoiit; E nor mspherioi could be 
confirmed by MS in the other specimen;: because of 
msurreien: material. 
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tifen-Pesisiam MCF-~ Tunics 

■ults from HPUZ analysis of an M-2F-" tumor 
ed from a nude mouse follow] ng prolonged tamox- 
iminis-ration are :hown in F.g 4. The top chromato- 
■hows results of the MCr-' omor anah'sis whereas 
ttom snows a pLsrr.a sample : piked .vith bisrohe- 
v, « -petabol.te E (B). o:j-4-hydro.vy C, trarj-i- 
^ •D- tamoxifen (Eo anc N-cesmethviiamo.xifen 
;'~ KS retemk n times eorre ;pondir.g ; ; metab- 
o. oor-^-nycroxv. o-j/:r-U-hvdrovy, ;amoxi'er.. and 
-e:oyi;amox::en v--.- raise ;n toe MOF^ tamox 
.?:s:aro turner. V.etabo ite BX was al.-.c -oted or 
• roT.atograrr. reienoor time. * 0 1? minutes 
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rig 2 Electron-, on, ; 0 t,oni-',MS -esulf of 3 eaks .soialec ov HPLC 
fract.oro^on of lomoxiien -es -stent r,uman Drecsl 'umor^ .Vane B| 
and VC?.; icmox-ten-resistam 'umor C;. rhe 3ea « a i jOO MS 
confirms 'he yc5en:e of metaDolite E lamoxifen A anc C wnereas a 
3 " 6 MS corresponci tc aispnenol . 



-amO*ifen metabolite e in resi:tant T'JMOR 
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, 4. HPLC chromatogroms showing 
'(lop) MCF-7 lorrWen- resistant tumor grown in 

:ifen administration ;500 'd times 6 months) and 
r sample spiked with bisphenol (A], metabolite E (BJ, 
i (C), franj-4.hydroxyiamo*ifen (D), t 
and N-cesmethy!tamoxifen (Fj, 



■lite (metabolite Ej is prefer.: in tumors isolated 
patients who have undergone unsuccessful tamo.x- 
therapy even after relatively shun treatment dura- 
AdditionaiK. * e observed tr.a: msphenoi. a potent 
ogemc metabolite, was a: so rmcent. although this 
.could n:r t?e definitely confirmed by MS. These meiabo- 
tcs v,. ;> . ; oetected in tamoxifen-resktant human brea: t 
rjr ossue, as well as in resistant MCF-7 tumors 
tec from nude mice treated witn tamoxifen. In 
:iimmary studies we have also j certified metabolite E 
tamoxifen-sensitive MCF-" tumors out at a muc.i 
r concentration re,a:ive to the parent drug and 
ar.tiestrogen metabciite: . 

e presence of other metabolite; was also noted m 
botn rrou.v: and human tumor:. Th: antiestrogem: 
me:a>. -t : < --hydroxytamox^fer. and N-cesmethv;tamox- 
.£? n * e:c :r 5 P rima v metabolites nirec. Met ibolite B,; 
*?? also '"ruificd in tumors. Thi, met.aoohte binds to 
"t'oger. receptors with higher aff.ni:> then tamoxifen, 
■however. rj? antiestrogenic activity not been fuliv 
elucicauc.'- Metabolite Bx rus been identified in the 
nan ;erjm and is present n high concentrations in 
°: . anc u:me following chroni:: dosing 15 
3- ,he lce ™fica!ion of estrogenic metabolites in tissues 
' !1 g-term tamoxifen administration has impor- 
|an:j:;:n.cai ramifications. Bon bisphenoi ano meta-o- 
C nave lamented estrogenic activity in vitro and in 

'{h^ M£lab0llle E Can sxisi ;r si:he: !he or nans- 
Ihl'T*'' co " n 2' Jrat;Cr - -^eoauoon at o-^-metaoo- 
:', /f e V c -'-^etaDohte E ha; beer, demonstrated 

; v mer, hasa^c. oeen 




t- > be a partial agonist, whereas the ca-irome: is a potent 
estrogen agomso The co-form of metabolite E has a:so 
been shown to be more potent than bisrohenoi ir, 
stimulating i J"D human breast cell growth. 1 -' 

Metabolite E h.is been identified in laboratory ani- 
mals, but no conclave e-idsnce e^ist; establishing :IS 
presence in numar. tomoro Using gas-,:irc mangraphv 
MS (GC-MS). From -.or. e; ai identified metano.^e E m 
the bile fluid of d. - ir. which it aecDuntec for approxi- 
mately 6% of the ractioiaoeled compounds present in 
b:ie * Murphy et a -rtativeiy toent.fiec the presence of 
a. -metabciite E uin: OC-MS in in-: plasma uf rjanerts 
receiving tamoxifer T The; report f.at ^-metabolite E 
wu; present m low concentration: (' .9 to 2.0 ng. ml) in 
patients given tarn. )o:'vn for : - days, whereas cor.cenira- 
ti ts of 2.S and 7/) ng. rr.L wer, rtoorted in two 
chronicaiK treatec :>a*.ent- ( ;.■ 2 • cars) - : 

Our previous stL.;i:- m an exper.m en: a! mode, and .n 
tumors from patient rugges: nat ,cq„irec tamoxifen 
re usance :s associa t: rj with reduce.c tamoxifen concen- 
tnoons and mcreasm ■ as- to rr^i--.hv,iro>.^amoxifen 
ratios in the tunic: .-,;lfd- Furh.errr.ore ' -amoxifen 
re i;tant tumors n model are actua iv beircs st:rm.- 
ia:ec to grow bv , ; f C n.-' Th ' i Jen: .ficat.on of the 
estr: ? emc metaocl.t. tmcta.?oiite E) in tam^xife:,- 
re is-ant numar. br ta: • turn >n repre-ent: ar i-dditional 
cit.e as to the mec--. . m a" ..cquired t.:moxi;er. resi:-- 
tance and of 'am : \i : ;:n-s:.m.!ated growth Reduced 
ac:umuiation o: arri:st: ( gtr.tc c--mpound^ [trans - 
tamoxifen, ---hy-::r3:y t unoxiten. and N-desmethvl;amo>- 
il'enjcoupitd with a r.hrtive accun-ulation of e.'troyenic 
metaoohtes. su;h .:- metarohte }i , r 1: ;spheno..~may 
re5uh m a net es'ro^n.c ea\ ironment u.thm ncrmon- 
ail; responsive brta;- t.imor. favoring nimuiation rathe- 
thrm inhibit. on of turt. : growth. 
, ru ' ;he: ev ^^"'- •am..xiten-;:imu il ;:e.d gro^tn i 
ob:ep '- d in P ar: - U ' '^'^r: prog-e:-m: on tamoxifen 
alter an initial resp, :v c anc tr.en re pood uzum to it:. 
w:tnd-iwai. f ' Tartu ■■ ;: r n-,tim aiateci growth "ma', also 
exrla r tne fail, re -aiients to remind to ovarian 
aolation after proire smg or. tamoxifen on v when 
tan.OMfen is not c sc .ntim.ed a: thr tone ot' castra- 
tio;..' Adcitior.a r ..ci- are ne eded to confirm 
wh-the: estrogenic mt'sho;::e; art cmtobutirtg to tne 
development of am- :x;:';m re ;:stanc ; 
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